INTRODUCTION
============

Lamotrigine (LTG) is an anticonvulsant medication that has been used widely for adult and pediatric seizure disorders. LTG is approved by the U.S. Food and Drug Administration (FDA) for the maintenance treatment of bipolar disorder in adults and as an adjunctive therapy in epilepsy.[@B1] This drug has also been used in youths with psychiatric disorders as a mood stabilizer.[@B2] The common side effects of LTG include dizziness, ataxia, headache, tremor, blurred vision, and diplopia.[@B3] Approximately 8% of patients who are administered LTG develop a benign maculopapular rash during the first 4 months of treatment.[@B4] In adults, the incidence of serious rashes was 0.08% when LTG was used as the initial monotherapy and was 0.13% when this drug was used as an adjunctive therapy.[@B4] Lamotrigine carries a U.S. Food and Drug Administration-mandated black box warning concerning the increased risk of rashes in children under the age of 16 years.[@B1] Skin rashes are a major cause of treatment discontinuation for this medication. These skin reactions range, with increasing severity, from common and mild maculopapular rashes to Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN). Although these reactions are rare, they are more common in children than in adults, and it is difficult to predict whether a rash will progress to SJS or TEN.[@B3]-[@B5] Serious reactions are rare but may be life-threatening.[@B6]

The pathogenesis of skin reactions appears to be multifactorial and has, in many cases, been explained using the hapten hypothesis of drug hypersensitivity, which implies that metabolic and immunological mechanisms are involved. The immune response is initiated by reactive metabolites that are combined with self proteins. An imbalance between the metabolic bioactivation and detoxification of the drug may lead to an accumulation of reactive metabolites, which may bind irreversibly to endogenous proteins.[@B7] T-cell lymphocyte clones may react to these drug-modified proteins, or to the parental drug itself, and cause delayed immune responses in the skin, whereas immediate IgE responses are responsible for urticaria, angioedema, and anaphylaxis.[@B8] Among the traditional antiepileptic drugs, the aromatic compounds phenytoin and carbamazepine have been associated with relatively high incidences of cutaneous reactions in up to 10% of patients.[@B9]-[@B11] Lamotrigine has also been shown to frequently cause this type of skin reaction.[@B12],[@B13]

Studies using LTG for epilepsy indicate that the risk factors that are associated with serious rashes and lamotrigine treatment include a young age, a large starting dose, a rapid dose escalation, and the combination of LTG and valproate.[@B3]-[@B5],[@B12],[@B14] In previous studies, females were found to be at a higher risk of developing an LTG-induced rash than males.[@B12],[@B15] Clinicians now initiate LTG treatment using a slow titration schedule. These dosing changes have reduced the incidence of serious rashes in pediatric LTG use to approximately 1%.[@B16] However, compared with the pediatric use of LTG, the use of this drug in children and adolescent psychiatric patients is much more limited, even though this medication exhibits a possible efficacy for mood symptoms.[@B2]

In the present study, we aimed to study the safety and tolerability of lamotrigine in adolescents with psychiatric disorders who were experiencing a depressive symptoms, with a focus on the risk factors that were associated with rash development. We compared the incidence and impact of lamotrigine-induced skin rashes and pattern of adverse events in our sample with pediatric seizure disorder patients.

METHODS
=======

This retrospective cohort study enrolled consecutive 106 adolescents (13 to 20 years old) who had been first treated with lamotrigine during the previous 2 years in the Child and Adolescent Psychiatric Clinic and Pediatric Neurologic Clinic of the Ulsan University Hospital in South Korea. Inclusion criteria were patients being prescribed Lamotrigine for the first time during the study period. Among them, four patients with seizure disorder having concurrent psychiatric disorders were excluded. The study protocol was approved by the Institutional Review Board of the Ulsan University Hospital.

The data were collected by the investigators, M.D. H. J. Tak, using chart reviews, which gathered the following data: age, sex, DSM-IV diagnosis, ICD-10 diagnosis, and concurrent medications (i.e., antipsychotics, mood stabilizers, antidepressants, and stimulants). The presence of any adverse effects was also noted.

Diagnoses for the psychiatric patients were made by a child psychiatrist, S. Y. Bhang., using clinical interviews that were based on the DSM-IV TR criteria and on all of the available collateral information. For the pediatric patients, the seizure disorders were diagnosed by pediatric neurologist, G. Y. Lee, using the ICD-10 criteria.

Any comment of side effect in the medical record was collected. The expression such as \"rash\", \"eruptions\", and \"urticaria\" was considered as having rash, but \"Pruritis\" or \"itching\" sensation was not included. In this study, we defined \"serious rash\" as a condition that is life threatening, requiring hospitalization, Stevens Johnson syndrome or erytherma multiforme.

Statistical analyses
--------------------

The continuous measures were compared using an independent t-test to determine whether there were significant differences in the demographic and dosage data between the patients who developed a rash and those who did not. An independent t-test was also used to compare the data of the psychiatric and nonpsychiatric patients. Unless otherwise specified, the data are presented as the means±standard deviations.

A chi-square test was used to analyze the frequency of the other adverse events. To define the factors that affected the onset of a rash, we also performed chi-square tests to evaluate valproate co-administration and the LTG dose across the weeks of treatment. The data were analyzed using SPSS version 17.0.

RESULTS
=======

Of the 102 subjects, 65 (64%) were psychiatric patients, and 37 (36%) were pediatric patients. Among these 102 patients, 43 (42%) were males, and 59 (58%) were females. The average age of the subjects was 17.18 (range=13 to 20, SD=1.864) years ([Table 1](#T1){ref-type="table"}). The primary DSM-IV diagnoses for the psychiatric participants included bipolar disorder (n=39), major depressive disorder (n=12), schizophrenia and schizoaffective disorder (n=13), and an eating disorder (n=1). The remaining 37 pediatric patients were diagnosed with seizure disorders ([Table 1](#T1){ref-type="table"}).

Twenty-three patients (22% of all of the participants) developed a rash during the course of the study period ([Table 2](#T2){ref-type="table"}). The incidence of a rash was not different between the males (n=9, 21% of males) and females (n=14, 24% of females) (p=0.738).

To evaluate the different rates of rash development between the psychiatric and nonpsychiatric patients\' use of LTG, we conducted chi-square tests but found no statistically significant differences between the groups (p=0.248) ([Table 2](#T2){ref-type="table"}).

Seventeen psychiatric patients (73.9% of the total rash group) and 6 pediatric patients (26.1% of the total rash group) developed a rash. The psychiatric subjects were prescribed a statistically significant lower dose of LTG in weeks 1 through 5 and in week 12: 19.80 mg vs. 46.08 mg for the 1^st^ week (p=0.002), 29.56 mg vs. 54.30 mg for the 2^nd^ week (p=0.007), 43.75 mg vs. 84.04 mg for the 3^rd^ week (p=0.000), 50.26 mg vs. 85.00 mg for the 4^th^ week (p=0.019), 55.44 mg vs. 119.74 mg for the 5^th^ week (p\<0.001), and 88.63 mg vs. 174.42 mg for the 12^th^ week (p=0.015).

To evaluate the effects of concurrent valproate and LTG use on rash development, we performed a chi-square test. There was no difference in the rate of rash development between the group that used valproate and the group that did not (p=0.304). Fourteen (21.5%) of psychiatric patients and 9 (24.3%) of seizure disorder patients had been taking valproate as a concurrent medication. The difference of the proportion was not statistically significant ([Table 4](#T4){ref-type="table"}).

In terms of the dosages of LTG, the mean initial dose of LTG in the valproate co-medication group (21.41±14.90 mg) was lower than that in the non-valproate group (31.64±35.11 mg), but this difference was not statistically significant. However, LTG dosages in the 2nd through the 5th weeks of treatment in the valproate group were statistically significantly lower than those in the non-valproate group: 23.52 mg vs. 42.85 mg for the 2^nd^ week (p=0.023), 40.37 mg vs. 64.28 mg for the 3^rd^ week (p=0.006), 48.42 mg vs. 69.05 mg for the 4^th^ week (p=0.026), and 57.65 mg vs. 90.62 mg for the 5^th^ week (p=0.006).

All of the rashes that were observed occurred within 7 weeks (n=23, 100%) of the treatment initiation in our subjects. The mean time interval to the rash onset from the starting time of the LTG treatment was 2.7 weeks (range=1 to 7 weeks, SD=1.428). The LTG dose in week 3 (mean 39.84±21.02 mg vs. 63.10±50.73 mg) and the mean peak dose (71.19±73.12 mg vs. 128.48±87.01 mg) were found to be statistically significantly lower in the group that developed a rash than in the group that did not develop a rash ([Table 3](#T3){ref-type="table"}). The incidence of pruritus was significantly different between the rash group (n=5, 21.7%) and the non-rash group (n=4, 5.1%). The patients with pruritus were likely to develop a rash. Before and after the development of the rashes, 5 patients experienced pruritic sensations (p=0.026). In addition, 4 patients suffered from pruritus without a rash during LTG treatment. However, the incidences of the other side effects of LTG were not different between the groups ([Table 2](#T2){ref-type="table"}). A 15-year-old male with a seizure disorder (n=1, 0.98% of all subjects) developed a serious rash, which was diagnosed as Stevens-Johnson syndrome and required hospitalization for 2 weeks. He was taking valproate 750 mg, and lamotrigine was added to his treatment regimen to further control his seizures. The rash appeared during the 3^rd^ week of the lamotrigine treatment at a dose of 100 mg. After the hospitalization, the rash remitted completely with no long-term complications. Two subjects began steroid treatment for 2 weeks and another subject began antihistamine medication for days after development of rash.

At week-12, the number of subjects of non-rash group who continued the lamotrigine medication was 55 (69% of baseline) ([Table 3](#T3){ref-type="table"}). Two main reasons why non-rash group discontinued the medication at week-12 were lack of efficacy and poor compliance.

Twenty one patients (91.3%) discontinued the use of lamotrigine after the onset of a rash. Two (8.7%) patients continued the medication. Among the discontinuation patients, 18 (78.2%) subjects stopped the lamotrigine immediately after the onset of rash, 3 (13%) patients discontinued the drug gradually after trying to manage the rash through dose reduction. Two patients rechallenged LTG after discontinuing the use of the medication for 2 months for one patient, and 2.5 years for the other. These two patients had no reappearance of rash after restarting the LTG.

Overall, rash was the most common side effect, which was followed by sedation (n=17, 16.7%), extrapyramidal symptoms (EPS) (n=14, 13.7%), gastrointestinal discomfort (n=11, 10.8%), weight gain (n=9, 8.8%), and weight loss (n=5, 4.9%) ([Table 2](#T2){ref-type="table"}). The rates of EPS were higher in the psychiatric group (n=13, 20%) compared to the nonpsychiatric group (n=1, 2.7%) (p=0.016). None of the other side effects, besides rash and EPS, exhibited significant differences between the psychiatric and nonpsychiatric groups ([Table 2](#T2){ref-type="table"}). Among the 14 patients who developed EPS, 13 were taking concurrent antipsychotic medications.

DISCUSSION
==========

The present study is the first to compare the side effects of LTG in adolescent epilepsy patients and adolescent psychiatric patients. This retrospective cohort study was conducted with patients who were aged 13 to 20 and who were newly prescribed LTG for the same 2-year period.

Lamotrigine has therapeutic effects in pediatric patients with bipolar disorder. Lamotrigine is an antiglutamatergic agent that decreases the activity of glutamate, an excitatory neurotransmitter, thus relieving depression while not affecting mania in patients with bipolar disorder.[@B17] Therefore it is an emerging option for treatment of depression in pediatric bipolar disorder.[@B18] A community study that examined the pattern of medication use in children and adolescents who were treated for bipolar disorder found that 15% of these patients were treated with new generation antiepileptic drugs before standard mood stabilizers.[@B19] Lamotrigine monotherapy has been shown to be effective in maintaining depressive symptom control in pediatric bipolar disorder.[@B2],[@B20],[@B21] As illustrated by these studies, LTG appears to be effective in treating depressive symptoms in adolescent psychiatric disorders.

As adjunctive therapy in pediatric patients with epilepsy, 11.5% of patients aged 2 to 16 years who received LTG discontinued treatment because of an adverse reaction.[@B1] The reaction that was most commonly associated with treatment discontinuation was a rash.[@B1],[@B20] The incidence of a serious rash that was associated with hospitalization and the discontinuation of lamotrigine in the pediatric patients (2 to 16 years of age) was 0.8% (16 of 1983).[@B1] In our study, only one patient had a serious rash and required hospitalization, which confirms the safety of LTG that has been shown in previous studies. However, compared with these previous studies, the incidence rate of a benign rash (n=22, 21.56% of all participants) in our present study was the highest, despite the slow titration of the medication in psychiatric patient group. In previous study on Korean adults, they report 12.5% and 12.7% of the rash incidence.[@B22],[@B23] In one study on Chinese adult epileptic patients prescribed with lamotrigine reported that 4.7% of the participants experienced rash.[@B24] In children with bipolar spectrum disorder, 38.4% (n=15/39) of youth developed skin lesion and among them, 17.9% (n=7/39) patients developed rash.[@B21] In one study for bipolar manic and hypomanic adolescent patient, 6.4% developed rash.[@B2]

Lamotrigine is metabolized exclusively by glucuronidation, and valproate inhibits the glucuronidation of this drug and decreases its clearance by approximately 50%.[@B3] The addition of valproate to a patient\'s treatment regimen may significantly elevate LTG levels and may increase the likelihood of development of life-threatening SJS[@B3] as a result of this drug\'s inhibition of uridine diphosphate glucuronyltransferase.[@B25] However, valproate was not identified as a risk factor in our study, which was likely due to careful LTG dosing in accordance with current guidelines, especially for the psychiatric patients.

It is already recognized that drug-induced skin reactions, in general, are more frequent in women than in men.[@B15],[@B26] This gender difference has been reported previously for LTG.[@B12] In our study, there were no gender differences in the rash development. In a recent study, significant gender difference was not reported for LTG rashes.[@B13]

Common side effects of lamotrigine include dizziness, ataxia, headache, tremor, blurred vision, and diplopia.[@B3] In our sample, sedation, extrapyramidal symptoms and gastrointestinal symptoms were common side effects; weight gain, weight loss, tremor, pruritus, headache, dizziness, hair loss, irritability, and mood elevation were also noted ([Table 2](#T2){ref-type="table"}). No other side effects were found to result in the discontinuation of LTG in our study. Except for rash, LTG is generally well tolerated as an anticonvulsant and as an antidepressant mood stabilizer.[@B27]

For the nonpsychiatric seizure patients, the pediatrician titrated lamotrigine dose more rapidly than manufacturer\'s advice because of clinical demand for seizure control. In spite of this, the incidence of rash between psychiatric and nonpsychiatric patients was not statistically different. This supports that lowering starting dosage of lamotrigine can reduce the incidence of serious rash but not the overall incidence of lamotrigine related rash.[@B12]

Compared to previous reports, which did not report the existence of EPS, the EPS rate was significantly high for the psychiatric patients in the present study. One explanation for this relatively high EPS rate is the co-medication of these patients with antipsychotics (n=13, 92.85% of 14 EPS reporting subjects). Another explanation may be that the adolescent population often displays a higher level of sensitivity to medication toxicity than adults.[@B28] Compared to adults, adolescents have a higher risk of dystonic reactions with the use of antipsychotic agents.[@B29],[@B30]

The major limitation of the present study is that it is based on a retrospective analysis. The precious estimates of rash rates can be obtained from prospective clinical studies, which do allow for a careful follow-up with the patients and do provide detailed descriptions of all of the emerging adverse events. Second, our study sample was derived from one university hospital clinic, a factor which may have limited the representativeness of our data. Multicenter studies are required to generalize the findings of a study to heterogeneous patient populations with diverse clinical presentations. In addition, we did not examine the patients\' histories for prior rashes that were developed as a result of previous medications, including other antiepileptic drugs. A history of rash from other antiepileptic drugs is a risk factor for developing rash to LTG.[@B13] Third, the clinical response of depressive symptoms was not evaluated. Other limitations include the small number of patients in some of the subgroups, and the possible presence of a physician bias during the determination of whether or not a rash was related to a given medication. Controlled and prospective longitudinal studies that use larger samples of patients are needed to further investigate the predictors of LTG associated rash.

The present study is the first to investigate lamotrigine in adolescent psychiatric disorders and in epilepsy in Korea. The main aim of the present study was to determine the tolerability and safety of LTG in this population. The results of the current study support our hypothesis that LTG is tolerable in this special population.[@B2] Despite the many limitations of this retrospective study, our observations show that LTG is tolerable and has a relatively low incidence of serious rash.
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Antipsychotics includes zyprexa, risperidone, aripiprazole, amisulpride, ziprasidone, paliperidone and quetiapine. ^\*^Fisher\'s exact test. SSRI: selective serotonin reuptake inhibitor
